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INTRODUCTION
Kawasaki disease (KD) is characterized by acute febrile systemic vasculitis and was first reported by Kawasaki et al. in 1967; 1 however, its etiology has been unknown till now. In developed countries, KD is the leading cause of acquired heart disease in children. 2,3 KD occurs worldwide and mainly affects children less than 5 years of age, especially in Asian countries; the disease has an incidence of 69-213 cases per 100 000 children aged less than 5 years in Japan, Korea and Taiwan. [4] [5] [6] The clinical characteristics of KD include prolonged fever for more than 5 days, diffuse oral mucosal inflammation, bilateral non-purulent conjunctivitis, dysmorphous skin rashes, indurations over the hands and feet and cervical lymphadenopathy. 7 The most serious complication of KD is coronary artery lesions (CALs), including myocardial infarction, coronary artery fistula, 8 coronary artery dilatation and coronary artery aneurysm. 9, 10 Studies conducted have either failed to identify certain pathogens responsible for KD or have reported discrepant results. [11] [12] [13] Therefore, the genetic background may have a more important role in the pathogenesis of KD.
Recently, several studies showed the associations between genetic polymorphism and the risk of KD. [14] [15] [16] A single-nucleotide polymorphism (SNP) (rs28493229) was found in the inositol 1, 4, 5-trisphosphate 3-kinase C (ITPKC) gene, which is an important mediator in the activation of T lymphocytes. The polymorphism of ITPKC that influences ITPKC expression by altering the RNA splicing efficiency is responsible for the susceptibility to KD and development of coronary artery abnormalities. 14 A report from the same group further indicated that a common variant in the 5¢-untranslated region of caspase 3 (CASP3) effects the binding of nuclear factor of activated T cells and contributes to the susceptibility to KD but not to CAL formation in both Japanese and US subjects of European ancestry. 15 CASP3 is one of the effector caspases that has an important role in the execution phase of apoptosis. Apoptosis is a programmed cell death that is regulated by caspases, a family of cysteine-dependent proteases. 17, 18 According to its functions, caspases are divided into initiator caspases and effector caspases. [17] [18] [19] External signals from receptors trigger initiator caspases (caspases-2, 8, 9 and 10), which results in the activation of downstream effector caspases (caspases-3, 6 and 7). [17] [18] [19] Mutations in CASP3 have been found in gastric cancer, non-small-cell lung cancer and squamous cell carcinoma of the head and neck. [20] [21] [22] We hypothesized that SNP rs72689236 of CASP3 may be involved in susceptibility to KD, CAL formation, development of aneurysm and intravenous immunoglobulin (IVIG) treatment response in Taiwanese children. To test this hypothesis, we conducted a case-control study of 341 patients with KD and 751 controls in Taiwan.
MATERIALS AND METHODS Patients
All patients studied were children who fulfilled the diagnostic criteria for KD and were admitted for IVIG treatment at Chang Gung Memorial HospitalKaohsiung Medical Center, from 2001 and 2009 . All patients were treated with a single high dose of IVIG (2 g/kg) over a 12 h period. 7, 10, 23 This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital. Blood samples were collected after informed consent was obtained from parents or guardians. We excluded patients who did not fit the diagnostic criteria for KD, and those who had fever for less than 5 days. Echocardiography was performed at acute stage during admission, 6-8 weeks after disease onset, followed by 6 months and then 1 year after disease onset. Follow-up echocardiography was performed according to the severity of coronary artery involvement. CAL was defined by the internal diameter of the coronary artery being greater than 3 mm (4 mm, if the subject was over the age of 5 years) or the internal diameter of a segment being at least 1.5 times larger than that of an adjacent segment, as observed in the echocardiogram. 7, 24 KD patients with coronary artery ectasia or dilatation, which disappeared within the initial 8 weeks after the onset of illness, were defined as having transient ectasia and not CAL. 9 In addition, coronary arteries were classified on the basis of the presence or absence of aneurysms according to criteria from the JCS Joint Working Group. Aneurysms (including medium and giant aneurysms) were defined by the internal diameter of the coronary artery being greater than 4 mm or, in children over the age of 5 years, the internal diameter of a segment being at least 1.5 times that of an adjacent segment. 25 IVIG treatment responsiveness was defined as defervescence 48 h after the completion of IVIG treatment and no fever (temperature, 4381C) recurrence for at least 7 days after the initial IVIG treatment, with marked improvement of inflammatory signs. 7, 26, 27 Patients with IVIG resistance received another dose of IVIG (1-2 g/kg) or other anti-inflammatory regiments.
DNA extraction
Blood cells were subjected to DNA extraction by treating them first with 0.5% SDS lysis buffer and then with protease K (1 mg/ml) for digestion of nuclear protein for 4 h at 60 1C. Total DNA was harvested by using the Gentra extraction kit (Corte Del Nogal, Carlsbad, CA, USA), followed by 70% alcohol precipitation as our previous report. 28 
Genotyping
Genotyping was carried out using Invader assays (Third Wave Technologies, Japan). Briefly, PCR was performed to amplify a PCR product of CASP3 that contained SNP rs72689236. The thermal cycle conditions were as follows: denaturing at 95 1C for 10 min, followed by 35 cycles of denaturing at 92 1C for 15 s and annealing and extension at 58.5 1C for 1 min. The sequences of primers used are F: 5¢-TCCTAGCGGATGGGTGCTAT-3¢; R: 5¢-TGGCAAAACAAACAC TCCGCC-3¢. After PCR, 173 bp PCR products were checked by running a gel electrophoresis (Figure 1 ). Fluorescence was measured and analyzed using Invader assays.
Statistical analysis
The Hardy-Weinberg equilibrium was first checked. The statistical differences between cases and controls in genotype and allele frequency were assessed by the w 2 -test. The statistical differences in the genotype and allele frequency of KD patients with and without CAL formation, aneurysm formation, as well as of patients responding to IVIG and those showing resistance, were assessed using the w 2 -test. SAS 9.1 for Windows (SAS Inc., Cary, NC, USA) was used for data analysis.
RESULTS
Borderline significant association of SNP rs72689236 of CASP3 with susceptibility to KD In this study, a total of 341 KD patients and 751 controls were included. Table 1 shows the characteristics of the subjects. The prevalence of KD is less than 1/1000 children in the Taiwanese population. Therefore, we assumed that there was no KD case in the control group. In all, 10.3% of KD patients were observed with CAL formation 8 weeks after disease onset, and 12.6% were IVIG resistant. The CAL formation rate was higher in KD patients with IVIG resistance than in those who were responsive to IVIG (12/43 versus 23/298, Po0.001). A total of 12 KD patients with CAL formation (12/35, 34.3%) were included in those showing unfavorable response to initial IVIG treatment, and 23 patients were included who had CAL (23/35, 65.7%) and responded well to initial IVIG treatment.
Different alleles of rs72689236 have been reported to influence the CASP3 gene expression and further effect KD susceptibility in Japanese and European American subjects. 15 In this study, as shown in Table 2 , the difference in rs72689236 allele frequencies between KD patients and controls was borderline significant (P¼0.0535, dominant model, Table 2 ). The major G allele of rs72689236 was overrepresented in controls than in KD patients (48 versus 42%). No significant association of SNP rs72689236 of CASP3 with CAL formation and IVIG treatment response in KD patients A total of 341 KD patients were included in this study, of whom 35 (10.3%) had CAL formation and 43 (12.6%) were resistant to initial IVIG treatment (Table 1) . We further evaluated the relationship between rs72689236 and the risk of CAL formation or IVIG resistance. As shown in Table 3 and Table 4 , the frequency of the AA genotype was higher in patients with CAL formation (21 versus 11%) or IVIG resistance (15 versus 11%). The genotype or allele frequency of rs72689236, however, was not statistically associated with CAL formation (Table 3) or IVIG resistance (Table 4) .
SNP rs72689236 of CASP3 was associated with KD patients with aneurysm formation
To further identify the role of rs72689236 of CASP3 in the pathogenesis of CAL in KD patients, we performed a subset analysis in which cases reported having transient ectasia (86/341, 25.2%) or aneurysm formation (14/341, 4.1%). Subset analysis between cases with transient ectasia and s72689236 did not yield any significant results (Table 5) . Importantly, a significant association appears between rs72689236 and KD patients with aneurysm formation, with a P-value of 0.009 under the recessive model (Table 6 ).
DISCUSSION
KD is an immune-mediated disease. Several genes including ITPKC, CASP3 and MMP have been reported to be associated with susceptibility to KD and/or CAL formation in this disease. 14, 15, 29 The results of most of the studies on genetics have been discrepant. 14, 16 The prevalence of KD in children younger than 5 years is higher in Asia than in Europe, indicating the possibility of complex genetic and ethnic association in KD between race and countries. Onouchi et al. first reported that altered CASP3 expression in immune effector cells influences susceptibility to KD. 15 Our study was conducted to verify rs72689236 in the Taiwanese population with KD. Our data provided a borderline significance between rs72689236 and susceptibility to KD. The results indicate that the A allele carrier for rs72689236 seems to be related to the risk of KD in patients. Although rs72689236 did not have significant association with CAL formation or IVIG treatment response in KD patients, a significant association was found between CASP3 (rs72689236) and aneurysm formation of KD. The serious complication of KD was CAL formation, including myocardial infarction, coronary artery fistula, transient coronary artery ectasia (which disappears 8 weeks after disease onset), dilatation and aneurysm formation. Transient ectasia was not judged as CAL in this study, whereas aneurysm formation was included in the CAL group. Although aneurysm formation is the most dangerous complication of KD and needs long-term follow-up, we analyzed the association between CASP3 and aneurysm. Therefore, our results may imply that the genotype of CASP3 may be involved in the immunopathogenesis of CALs, which in turn contributes to the severity of KD. The IVIG resistance rate was 12.6% in the present study, which is compatible with the results of our previous reports. 7, 23 Although various analyses were performed in this study, including subset analysis on subjects with CAL formation or IVIG resistance and analyses based on different cutoff points to redefine cases and controls, these approaches did not improve the statistical results. The population recruited into this study was relatively homogenous in terms of ethnicity and geographic location. Therefore, undetectable confounding factors could be minimized.
Kariyazono et al. 30 and Breunis et al. 31 reported that the vascular endothelial growth factor gene polymorphism was associated with susceptibility and CAL formation in KD; however, it cannot be verified in the Taiwanese population. 32 Burns et al. 33 revealed that interleukin 4 has an important role in KD pathogenesis and disease susceptibility, but the results are different from the studies in the Taiwanese population. 34, 35 The angiotensin-I-converting enzyme gene was reported to be associated with susceptibility to KD but not CAL formation in Taiwan, 36 and it was shown to be associated with the formation of severe coronary artery stenosis and myocardial ischemia in the Japan population. 37 In recent years, it has become clear that the intronic SNP (rs28493229) of ITPKC that is involved in the development of coronary artery abnormalities is an important factor in susceptibility to KD. 14 However, the results obtained from the genetic association study between rs28493229 and KD susceptibility is inconsistent in the Taiwanese population. 16, 38 A larger sample size will be required to clarify this point. Taken together, the genetic studies of KD showed varied results in different studies from different populations, indicating that the genes responsible for KD varied with countries, ethnicity or area. Environmental factors may be considered as a crucial trigger in the susceptibility to KD.
In conclusion, our study indicated that CASP3 (rs72689236) associated with susceptibility to KD and aneurysm formation in KD patients in the Taiwanese population. Importantly, the A allele of rs72689236 may predispose the risk of aneurysm formation in KD patients. We acknowledge that the current sample size was underpowered to exclude a small genetic effect of CASP3. The findings need to be confirmed in another population with a larger sample size. Further study on the relationship between genotype of CASP3 and downstream functional relevance during the pathogenesis of aneurysm formation would be helpful to understand the etiology of KD. 
